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This presentatior: is divided into four parts. The* first part overs ei^eriaental 
data pertinent to flexible resilimt foaas followrd in oitder by low density wall 
panels, hi^ strength floor panels and themal aoc«astical insulition. 

The :ichedule which covers each task under stud^ ii- shown in Fig-jre 1 and the 
interrelatitms between the various products anA ta^s an; shown in Figure 2. 

The tasks and the objectives of the phase of the program dealing with f .ble 
resilient foams are shown in Figure 3. 

These objectives were achieved by a»dificati(»i of the refsin coB 3 X>siti<xis throi^h 
advanced synthesis and by c^tisilraticm of all the process: param>iters. Modifica- 
tion of t^e basir prepolymers was carried <mt by alterat:.on of die resins with 
arosiatic and alij hatic diamines. The correspcxiding terpolyiadde foams tditaiMd 
tuere then evaloaied for the most critical paraamters as s:hown i;i Figure 4 and 
Figure As ref orted, aromatic terpolyimide fo^es did not pro-luce the desired 
coo^ ression set ) roperties (15% loss maximn aftei 24 hours at K>% compression) 
and were eliminated from further study. 

ine ir<^>e>ties oi foam -lerived from texpolyimides modifiird with aliphatic dia- 
mine:; approached the re<{uirements for coapression set (sere Grou i IV) and met the 
fati-nie requirements. 

Next, an evaluation of the effect of the heterocyclic diiooinc omponent on the 
compressicn set c f the coams was carried out. The data of Figure 6 show that 
higher ratio of the Iwtarocyclic diamine produces foams t'ith imjiroved conqiression 
set properties, tiowever tdien ratios higher than 0.4 were used tlie fo.ims (Attained 
were highly reticulated and not suitable for sealing app.*.icatio:is. 
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The two candidates selected, specifically the 1701*1 and 1702*1 %fere furtiier 
evaluated to study the contribution of surfactants conpcesslcm set prc^r* 
ties* fl^Gse data are stown in Figure 7 eh^’-e tl» Improved properties of the 
1701--1 foaas are clearly shown. At this po.»nt of the progrm, four polyiiaides 
precursors were selected for further evaluati<m in fmrther sti^ies. 

The efforts were contin\^ with evaluation of the foasdng process paraoeters. 

The foasiing process consists of sisply placing the powder precursor on a suit* 
able substrate followed by fomlng in a microwave oven. The expanded Biass is 
then heat cured at 500®*550®F to obtain resiliency and f3.exibillty. 

The foaming par^siteters sti:idied were: 

Power ou^ut 
Powder loading 
Prei* - temperature 
Preheat time 
Foaming time 
Curing tenperatiure 

Figure 8 j^hows tiiat power output in the range of :5.5 to 10 kW produces foaming 
but higher power outputs are desirable since they cause incipient curing. The 
effect of powder loadir.g on the fo^ning behavior of polyLmide precursors is 
shown in Figure 1. Powder loadings higher than 2,4 Kg/ro- are essential. The 
powder precursor does not have to be preheated as shown In Figure 10, however 
when the preheating time is extended and the tes^^rature is maintained at 250®F 
improved con^resrion set properties are obtained [Figure 11) . 

The foaming time in the high frequency field has also been found to be critical 
as shown in Figure 12 where improved con^ression properties are achieved by 
using higher power outputs and longer foaming time. The last step in the prepara* 
tioii of the polyrmide foam involves curing the ex})anded mass to achieve flexibility 
and resi 1 i ency . 



The data of Figure 13 shear that higher tenqperature and longer <rrring tiaie cause 
foam degradation and poor a»apression set properties, ^e data points repiresent 
an average of six ^terminations carried out on large size foami (1000 g of 
pmder precurrors) . This concludes the %iork carried out in the task dealing with 
flexible resilient foams. 

The next study involved evaluation of processes and compositions to fabricate 
wall panels. The tasks and objectives are shown in Figure 14. Optimization 
of the polyimide compositions previously developed was achieved with the develop- 
ment of rigid fc^ias meeting the density requirements. This stvHiy was continued 
with development of new techniques to produce low density panel » in a one-step 
mierwave process as shown in Figure 15. The precur^^or <ind addi.tives are mixed, 
spread over a suistrate and foamed in a microwave cavity by resiricting the rise. 
The finished rigid panel is characterized by possessing low dcn:sity core and high 
density skins. 

The same technology is now being used to produce high strength floor panels* 

The tasks and c^jectives of this task are shown in Figure 16. 

A inaior task of this program was the development c f therxaal acoustical polyimide 
materials to replace conventional glass batting insulation. The tasks and ob- 
jectives cf this last study are shown in Figure 17. The studies dealing with 
advanced synthesis and with foaming studies carried out in the ^:asK dealing with 
flexible resilient foams are completely applicable to falrication of polyimide 
foajtr for use in thermal acoustical insulation. The optimization of glass batting 
and ^oams was then initiated. Figure 18 shows the effect of polyimide foam coat- 
ings on the burnt hrough resistance of PF- 105-700 fiberglass batting. The coatings 
were appli^id by soray techniques using liquid polyimide precursors and foazned at 
r?50®F. As shown, polyimide coatings improve the humthreugh resistance of the 
fiberglass batting at any resin loading* The burnthrough requiiements were met 
at a loading of 0.048 Kg/m^. The tests wore made with a Maker burner and carried 
out until burnthrough o<*curred. 


A second approach to the problem involved modification of the pc»lyimide foams 
with additives to produc:e improved fire resistance. Figure 19 shows the effect 
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of ft conbination of 9 lasstBicroballoons and glass strands on the bujmtlirou^ 
resistance of polyiadde tom»* The filled fckin did not fail after 10 ninutes 
exposure to the Maker burner » «diile the unfilled foaai failed in 3.5 ainutes. 

The tMO candidate aatexialSf the polyiaide coated fiberglass batting and the 
filled polyiaide loaaa were then tested in the HhSAsJSC Fire Rig* but did not 
aeet the ainiaua burnthrough requiroaents (5 ainutes) . Failure appeared to be 

iBore stechazLical tp thezaal cradcirg, than to aaterial failure. 

" ... 

To reduce the therahl stresses and iaprove the burnthrou<d> resistance, new 
drosslinked polyiaide foaas have baep developed td'.ich a*’/. :t u'^er evaluation. 

The program is continuing with the major tasks listed in Fi re 20. 
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Figure 2* Progran Flow Diagram 
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FLEXIBLE BESILIBIT FOMg 
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SCALE-UP PROCESSES 
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PROPERTIES 

OPTIMXZATIOM OF ALL PROCESSES FROM RESIN SYNTHESIS 
TO FINAL FOAMING 

SCALE-UP TO LARGE SIZE FOA»e 

Figure 3. Flexible Resilient Foans 
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Figure 5. Aliphatic Terpolyimide Foam Precursors and Foam 
Characteristics (1702-1 Resici System) 
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Figure f>. Flexible, Resilient, Pclyinidt; Foams: 
Effect of .lolar Concentxation Of 
2,6DAP On Conpression fet Lo-s Values 
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Figure 8, Foaming Behavior of 1702-1 Precursors At 
Various Power Outputs 
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Figure 11. Effect of Preheat Time on Compression Set Loss 
of 1701-1 Polyimide Foewns 
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Figure 13. Effect of Cxiring Temperature on 90% Conpresaion Set Valuta of Foama 
Derived from 1701-1 Frecuraors Modified With 0.015% and 0.02% 

AS-2 Respectively 


LOW DBHSlry ItALL PMIELS 

T!»SKS 

OPTIMIZATim OF RIGID POLYIMIDE FOAM PANELS 
. LOW DENSITY CORE, HIGH DENSITY SKIN PANELS 
. OPTIMIZATKW OF LON DENSITY CORE TECHNOLOGY 

(ajECTIVES 

DEVELOPMENT OF TECHNIQUES TO PIKX>OCE FINAL HALL 
PANEL C(»iFIGURATIONS IN A (»1E-STEP PIKXTESS WITHCXJT 
THE USE OF AI»1ESIVES. 

FABRICATION OF WALL PANELS HAVING LOW DENSITY 
CENTERS AND HIOl DENSITY EDGES TO MEET DIRECT 
SCREW WITHDRAWAL REQUIREMENTS. 

Figure 14. Low Density Wall Panels 
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on of Rigid Low Density Panels From Powder Polyiwide 
■s in a One-Step Microwave Process 



HIGH STRENGTH FLOOR PANELS 
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DEVELOPMENT OP RIGID PANELS WITH VARIABLE DENSITY 
CHARACTERISTICS 


Figure 16. High Strength Floor Panels 


THERMAL ACOUSTICAL INSULATION 
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ADVANCED POLYIMIDE SYNTHESIS 
FOAMING STUDIES 

COATING PROCESS FOR GLASS FIBERS AND MATS 


OBJECTIVES 


OPTIMIZATION OF THE BURNTHROUGH PROPERTIES 
OF THE FOAMS 


Figure 17. Thermal Acouticai Insulation 
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Figure 20 . Future Plans 


PAGE is 

POOR QUALflY 


